The formation of leaves and other lateral organs in plants depends on the proper specification of adaxial-abaxial (upper-lower) polarity. KANADI1 (KAN1), a member of the GARP family of transcription factors, is a key regulator of abaxial identity, leaf growth, and meristem formation in Arabidopsis thaliana. Here, we demonstrate that the Myb-like domain in KAN1 binds the 6-bp motif GNATA(A/T) and that this motif alone is sufficient to squelch transcription of a linked reporter in vivo. In addition, we report that KAN1 acts as a transcriptional repressor. Among its targets are genes involved in auxin biosynthesis, auxin transport, and auxin response. Furthermore, we find that the adaxializing HD-ZIPIII transcription factor REVOLUTA has opposing effects on multiple components of the auxin pathway. We hypothesize that HD-ZIPIII and KANADI transcription factors pattern auxin accumulation and responsiveness in the embryo. Specifically, we propose the opposing actions of KANADI and HD-ZIPIII factors on cotyledon formation (KANADI represses and HD-ZIPIII promotes cotyledon formation) occur through their opposing actions on genes acting at multiple steps in the auxin pathway.
INTRODUCTION
Leaves begin as bumps, or leaf primordia, that grow out from the shoot apical meristem (SAM). The region of the primordium closest to the center of the meristem, the adaxial domain, develops into the upper half of the leaf. The region of the primordium furthest from the center of the meristem, the abaxial domain, develops into the lower half of the leaf. With regard to the geometry of the leaf, then, the terms adaxial and upper are synonymous and the terms abaxial and lower are synonymous.
Subdivision of the primordium into ad-and abaxial domains is important not only because the upper and lower halves of leaves have specialized roles in photosynthesis but also because the establishment of ad-and abaxial domains generate the ad/abaxial boundary. This boundary is both necessary and sufficient to define the site of outgrowth of the leaf blade (Waites and Hudson, 1995; Evans, 2007) .
Genetic studies in Arabidopsis thaliana indicate that the KANADI genes (KAN1 to KAN4) have overlapping functions in the promotion of abaxial fate in lateral organs (Eshed et al., 1999 (Eshed et al., , 2004 Kerstetter et al., 2001; Emery et al., 2003; Pekker et al., 2005; McAbee et al., 2006; Izhaki and Bowman, 2007) . Mutations in any single KAN gene cause relatively mild defects in leaf development (Kerstetter et al., 2001 ). However, plants lacking several of these genes exhibit conspicuous defects in embryos, lateral organs, and vascular patterning that can be attributed to the loss of abaxial, or peripheral, identity. For example, kan1 kan2 double mutants have reduced blade expansion and form ectopic leaf-like outgrowths on the abaxial blade surface , whereas kan1 kan2 kan3 triple mutants have almost no blade expansion and produce nearly cylindrical, adaxialized leaves with radialized stem vasculature (Eshed et al., 2004) . Mutations in KAN4/ABERRANT TESTA SHAPE cause defects in the polarity and growth of ovule integuments but in combination with kan1 and kan2 mutations cause significant changes in auxin distribution and major defects in embryo patterning (Leon-Kloosterziel et al., 1994; McAbee et al., 2006; Izhaki and Bowman, 2007) .
Ectopic expression of individual KAN genes causes profound abaxialization of lateral organs and disrupted vascular patterning (Kerstetter et al., 2001; Eshed et al., 2001 Eshed et al., , 2004 Emery et al., 2003) . The complementary loss-and gain-of-function KAN phenotypes indicate that abaxial fate depends on the level and pattern of KAN gene expression during organogenesis.
KAN genes encode members of the GARP family of MYB-like transcription factors expressed in the abaxial domains of lateral organs and in the abaxial/peripheral domains of the embryo (Eshed et al., , 2004 Kerstetter et al., 2001; Hosoda et al., 2002; Izhaki and Bowman, 2007) . In the single case where a target has been identified, KAN acts to repress the transcription of the target ASYMMETRIC2 locus (Wu et al., 2008) . Consistent with the action of KAN as a repressor of transcription, Causier et al. (2012) found that KAN1 protein physically interacts in yeast with the TOPLESS corepressor protein.
The KAN genes act in opposition to the HD-ZIPIII loci: The former act to promote abaxial (lower) fates in organs, while the latter act to promote adaxial (upper) fates (McConnell and Barton, 1998; McConnell et al., 2001; Emery et al., 2003) . HD-ZIPIII genes encode homeodomain-leucine zipper containing transcription factors expressed primarily in the adaxial domains of organs, throughout the SAM and in the developing vasculature (Baima et al., 1995 (Baima et al., , 2001 McConnell et al., 2001; Kang et al., 2002; Prigge et al., 2005) .
In addition to having opposing roles in polarization of the leaf along the ad/abaxial dimension, HD-ZIPIII genes have opposing roles to KAN in the promotion of growth of new SAMs: HD-ZIPIII proteins promote the formation of new SAMs, while KAN activity represses their formation (Talbert et al., 1995; McConnell and Barton, 1998; Kerstetter et al., 2001 ).
The one case in which HD-ZIPIII and KAN proteins act in the same direction, to promote growth, is in the establishment of the leaf blade. Specification of the adaxial leaf domain and abaxial leaf domains generates an ad/abaxial boundary at which the leaf blade is formed. Once leaves are formed, HD-ZIPIII and KAN proteins are required to coordinate growth of the upper and lower sides of the leaf: In the absence of HD-ZIPIII function, leaves curl down, while in the absence of KAN function, leaves curl up.
Several observations have linked the REVOLUTA (REV)/KAN ad/abaxial regulators to the control of patterned signaling by the plant hormone auxin. Izhaki and Bowman (2007) observed ectopic auxin accumulation at the site of ectopic outgrowths from the hypocotyl of kan1 kan2 kan4 triple mutant embryos. Since regions of high auxin accumulation are hypothesized to be responsible for, and the site of, the formation of new organs (Reinhardt et al., 2000 (Reinhardt et al., , 2003 Heisler et al., 2005) , Izhaki and Bowman proposed that KAN proteins control the correct spatial accumulation and sensing of auxin. However, the mechanism through which this occurs was not explored.
In keeping with a role for KAN in auxin sensing, Kelley et al. (2012) observed that ARF3 and KAN proteins physically interact. ARF3, also called ETTIN, is a member of the AUXIN RESPONSE FACTOR family of auxin-stimulated transcription factors and is required for ectopic KAN to fully abaxialize lateral organs (Pekker et al., 2005) . Ectopic KAN causes the formation of radialized leaves with abaxial characteristics around their circumference. When ARF3 is removed by mutation, these KAN overexpressing organs are able to produce blade. Further evidence of a role for KAN in the regulation of auxin action was found by Brandt et al. (2012) , who identified the auxin biosynthetic genes TAA1 and YUC5 as targets of HD-ZIPIII (activation) and KAN regulation (repression). Finally, the PIN1 and PIN2 auxin transporters are expressed at lower levels, and tip-to-base transport of auxin is reduced in loss-of-function (abaxialized) mutants of the HD-ZIPIII REV gene (Zhong and Ye, 2001) . REV is referred to in this work as IFL, showing that HD-ZIPIII function is required for polar auxin transport in the shoot.
To better understand the mechanism through which KAN regulates polarity and growth in the plant, we define an optimal KAN binding site and identify a set of genes targeted by KAN in planta that act to control auxin biosynthesis, transport, and signaling. These results show that KAN and HD-ZIPIII factors act in opposition at several steps in the auxin pathway.
RESULTS

Identification of an in Vitro Binding Site for KAN
A binding site for KAN1 was identified upstream of ASYMMETRIC LEAVES2 (AS2) based on a mutation that causes ectopic expression of AS2 (Wu et al., 2008) . To define more generally the binding site for KAN, we performed oligonucleotide selection experiments using purified KAN1 protein. The full-length KAN1 protein proved toxic when expressed in Escherichia coli (data not shown), so we instead generated a recombinant protein consisting of the predicted KAN1 DNA binding domain (KAN1bd) fused to glutathione S-transferase (GST). KAN1bd-GST was affinity purified and used for electrophoretic mobility shift assay (EMSA)-based PCR-assisted oligonucleotide selection. This experiment produced 50 nonredundant oligonucleotide sequences that contained one or more instances of the partly degenerate 6-bp motif GNATA(T/A), which we termed the KANADI box (KBX) (Figure 1 ; Supplemental Figure 1 ). To clarify the contributions of individual bases of KBX to KAN1 binding, we performed EMSA with double-stranded oligonucleotides bearing point mutations throughout this sequence. Nucleotides at the first, third, fourth, and sixth positions were critical for high affinity binding in vitro (Figure 1 ). KAN1bd-GST bound equally well to the 6-bp consensus sequence GAATAA and to an 8-bp palindrome, GAA-TATTC, that appeared in 6 of the 50 selected sequences ( Figure  1 ; Supplemental Figure 1 ). By contrast, the protein showed little affinity for the consensus binding site (AGATT) of the GARP protein ARR10 (Hosoda et al., 2002) (Figure 1 ). These results demonstrate that the KAN1 GARP domain selectively binds DNA and define a novel binding site for this member of the GARP family of transcription factors.
In order to determine if the KBX sequence is sufficient to mediate KAN1-regulated expression in planta, synthetic promoter constructs were generated by fusing repeats of KBX (or mKBX in which the fourth T was converted into A, a critical base pair change that disrupts KAN1 binding in vitro) upstream of a minimal transcription start site and the reporter gene b-glucuronidase (GUS). Furthermore, the KBX (or mKBX) repeats were inserted downstream of 63 UAS (upstream activation sequence) repeats that are able to activate GUS expression only in the presence of the yeast-derived GAL4-VP16 transcriptional activator. This system allowed the effects of KBX to be examined both in the absence and presence of GAL4-VP16 to reveal whether KBX confers any tissue-specific gene activation or repression respectively.
In transgenic Columbia (Col) plants, UAS:GUS, UAS-KBX:GUS, and UAS-mKBX:GUS constructs did not produce detectable GUS activity (data not shown). However, when these transgenic lines were crossed to E100, a GAL4-GFP (for green fluorescent protein) enhancer trap line that displays strong GAL4-GFP expression in rapidly dividing tissues, such as SAM and leaf primordia (Figure 2 ), GUS expression was observed in distinct patterns. E100>>UAS-mKBX:GUS lines showed GUS activity throughout the SAM and young leaf primordia in a pattern that mirrored GFP in E100 (Figure 2 ). By contrast, E100>>UAS-KBX: GUS plants lacked GUS expression in the SAM and the abaxial side of young leaf primordia (Figure 2 ), a pattern complementary to where pKAN1:GUS is expressed in plants (Figure 2 ). This result shows that KBX repeats are sufficient to direct tissuespecific repression in the context of an otherwise constitutive promoter, which strongly supports the biological significance of this motif in vivo.
Generation of an Inducible KAN Protein
Transgenic plants that constitutively express KAN1 usually fail to produce a SAM and arrest as seedlings Kerstetter et al., 2001) . In order to characterize the effects of ectopic KAN1 expression later in shoot development, we produced an inducible form of this protein by fusing the regulatory domain of the rat glucocorticoid receptor (GR) to the C-terminal end of KAN1 (Wagner et al., 1999) . Transgenic plants expressing KAN1-GR under the regulation of the cauliflower mosaic virus 35S promoter grew slightly slower than normal but were otherwise morphologically normal (Figure 3 ; Supplemental Figure 2 ). By contrast, 35S:KAN1-GR (KAN1-GR) seedlings grown on media containing 10 mM dexamethasone (DEX) were strikingly similar to 35S:KAN1 plants Kerstetter et al., 2001 ); in addition to having narrow cotyledons, the first true leaves of these plants emerged as small, radialized, peg-like structures, and no subsequent leaves were formed indicating arrest of SAM activity (Figure 3 ; Supplemental Figure 2 ). By contrast, soil-grown KAN1-GR plants treated with DEX every other day had relatively mild developmental defects: Petioles were shortened and leaves curled downward. Similar morphology is seen in as1 and as2 mutants (Serrano-Cartagena et al., 1999) (Figure 3 ; Supplemental Figure 2 ) consistent with the ability of KAN to repress as2 transcription (Wu et al., 2008) .
Identification of KAN1 Target Genes
To identify KAN1 target (KANT) genes that regulate leaf polarity, we performed a microarray analysis of gene expression in mockand DEX-treated KAN1-GR seedlings using the Affymetrix ATH1 GeneChip and RNA isolated from 9-d-old seedlings following 4-h mock or DEX treatments. After removing loci whose expression was affected by DEX in wild-type controls, we identified 222 loci that displayed at least a 1.8-fold difference (P < 0.005; Supplemental Data Set 1) in mock-and DEX-treated KAN1-GR plants. Of these, 133 loci were downregulated and 89 were upregulated. The number of KBX sites in the promoters of these genes was compared with their frequency in all promoters. The sequence GNATA(A/T) or its complement occurs on average six times in the upstream 1000 bp of the 31,407 annotated Arabidopsis genes (TAIR 6.0) but appeared an average of seven times in the promoters of the 222 responsive loci (P < 0.005; Table 1 ). When up-and downregulated promoters were examined independently, it became apparent that the downregulated genes possessed, on average, eight KBX sequences (P < 0.005), whereas upregulated genes were not significantly different from the genome average (Table 1 ). This correlation indicates that KAN1-GR may function primarily as a transcriptional repressor.
To identify potential direct targets of KAN1-GR, microarray analyses were performed in the presence of cycloheximide (CHX), a potent inhibitor of protein synthesis. Genes directly regulated by KAN1-GR are expected to be insensitive to CHX because protein synthesis is not required for the effect of DEX on KAN1-GR activity (Pratt et al., 2004) . CHX treatment had a dramatic effect on global gene expression; nearly one-third of the transcripts in wildtype seedlings were affected by a 4-h exposure to CHX (data not shown). Genes that showed a significant expression difference (P < 0.005) in DEX+CHX versus mock+CHX seedlings, which was in the same direction as in the DEX-versus mock-treated seedlings, were considered to be direct targets of KAN1-GR. Genes that were differentially expressed in DEX but not DEX+CHX-treated seedlings were considered to be indirect targets of KAN-GR. Using these parameters, a majority (61.7%, 82 of 133) of downregulated loci appeared to be direct targets of KAN-GR, whereas only a minority (24.7%, 22 of 89) of upregulated genes was in this category (Supplemental Data Set 1). This result suggests that activated KAN1-GR primarily functions as a repressor. The existence of genes upregulated by KAN1-GR in response to DEX in the presence of CHX may indicate that, in a minority of cases, KAN1-GR acts as a transcriptional activator, but it is also possible that KAN1-GR represses microRNA generating loci that target the apparently upregulated genes. The in vitro KAN1 DNA binding site (KBX; boxed) was identified using affinity-purified KAN1db-GST protein in EMSA-based oligonucleotide selection (Supplemental Figure 1) . The height of each nucleotide letter is proportional to its representation. Effects of mutating individual sites within the consensus DNA binding site are shown immediately below each position in the consensus KBX site. The mean fraction of bound DNA in three independent replicates was calculated relative to the consensus (GAATAA, lane 1), which was arbitrarily set to 1.0. EMSA of KAN1db-GST bound to a perfect palindrome of KBX (GAATATT, lane 8) was similar to that of that of a single site. The KAN1db-GST showed little affinity for the consensus binding site for the GARP protein ARR10 (AGATT, lane 9) (Hosoda et al., 2002) .
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We performed RT-PCR with limiting number of amplification cycles to validate targets identified in the microarray experiment (Supplemental Figure 3 ). Of 38 genes tested, 32 showed evidence of downregulation by KAN1-GR in the RT-PCR assays (Supplemental Figure 3) . We also mined data for these 38 genes from a parallel study done using RNA-seq as a tool to measure transcript levels. Using this technique, all but one (AT2G39380) of the 32 genes testing positive by RT-PCR showed downregulation by KAN1-GR ( Figures 4A and 4B) . Interestingly, examination of RNA-seq data on the six genes that failed the RT-PCR test reveals that expression of all six decreases following KAN1-GR activation by DEX ( Figures 4C and 4D ). Thus, RT-PCR, especially when limited to one time point, may not be as sensitive a technique in the detection of downregulated targets as RNAseq on a full time course.
The RNA-seq data in Figure 4 show that, as a group, KAN1-GR downregulated genes display similar expression profiles. Active KAN1-GR reduces transcript levels by 2-to 4-fold over the first 60 min, indicating a typical transcript half life of 30 to 45 min. Most transcripts have plateaued or begun to increase by the 120-min time point. This could be because early genes activated by KAN1-GR inhibit its activity. Alternatively, it could be because the activated KAN1-GR protein is destroyed or otherwise inactivated by this time. 
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Identification of Direct Target Genes
To test whether KAN1 binds directly to the promoters of these putative KAN target genes, we performed chromatin immunoprecipitation (ChIP) assays on KAN1-GR seedlings using an anti-GR antibody. Because DEX treatment promotes the translocation of GR fusion proteins to the nucleus (Pratt et al., 2004) , chromatin fragments bound by KAN1-GR are expected to be enriched in DEX-treated relative to mock-treated samples. We were particularly intrigued by the fact that many putative KAN1 target genes are transcription factors or have been implicated in phytohormone signaling or biosynthesis; therefore, we chose to focus on these genes. Promoter fragments of 12 KAN1 target genes that we examined were enriched in DEX-treated KAN1-GR samples ( Figure 5 ; Supplemental Table 1 ). Direct interaction between KAN1 and these promoter elements also revealed the in vivo function of KBX because the PCR-amplified portions representing these promoters always include or flank one or more KBXs. Our result also shows that the enrichment in KAN1-ChIP was dependent on the specific KBX fragment tested; for example, only one of two KBX-containing regions of the HAT2 promoter (HAT2b) appeared to be associated with KAN1-GR ( Figure 5 ), which suggests that KBX alone is not sufficient for KAN1 binding. ChIP experiments performed with wild-type plants did not reveal detectable differences between mock-and DEX-treated samples, confirming that the DEX-dependent enrichment of these fragments in KAN1-GR plants depends on KAN1-GR (Supplemental Figure 4 ). We conclude that most of the genes identified as repressed by DEX both in the presence and absence of CHX in the microarray analysis are direct targets of KAN1-GR.
KAN and REV Oppositely Regulate Genes Involved in Auxin Biosynthesis, Transport, and Signaling
Among the genes identified above as directly repressed by KAN are FLS2 and PIN-FORMED4 (PIN4). PIN4 is an auxin efflux carrier (Friml et al., 2002) , and FLS2 mediates flagellin-induced expression of miR393a, a microRNA that in turn targets the auxin receptor gene TIR1 (Navarro et al., 2006) . This suggests that the mechanism through which KAN suppresses cotyledon formation is through transcriptional repression of genes involved in auxin transport and signaling. HD-ZIPIII genes have opposite roles to KAN genes. Instead of repressing cotyledon outgrowth, they promote cotyledon formation: Embryos triply mutant for the HD-ZIPIII genes PHABULOSA/ ATHB-14, PHAVOLUTA/ATHB-9, and REV fail to form either one or both cotyledons ( Figure 6 ; Emery et al., 2003; Prigge et al., 2005) . Furthermore, we observed that overexpression of the PHABULOSA and INCURVATA4/CORONA/ATHB-15 HD-ZIPIII genes (due to mutations in the microRNA complementary sites) leads to extra cotyledon formation ( Figure 6 ). Thus, increased HD-ZIPIII activity leads to extra cotyledon formation, while decreased activity leads to loss of cotyledon formation.
To determine if additional auxin-related genes are regulated by these opposing factors, we surveyed genes involved in the auxin pathway for their response to induced REV (HD-ZIPIII) or KAN1 action. We first assayed genes for their regulation by GR-REV and KAN1-GR in a parallel microarray study (Reinhart et al., 2013 ). Supplemental Table 2 shows genes involved in auxin biosynthesis, transport, and signaling with associated P values for comparisons between GR-REV and wild-type Col, KAN1-GR and wild type Col, and GR-REV and KAN1-GR. Genes showing evidence for regulation in the microarray experiment were then surveyed for their regulation in an independent experiment we performed in which RNA-SEQ was used to measure transcript abundance instead of microarray (Table 2 ; Supplemental Figures 5 to 10).
Comparing these analyses, and using the criterion that a gene had to show statistical significance in at least one comparison from each type of experiment (microarray and RNA-seq), we found evidence for regulation by KAN1-GR and/or GR-REV of two genes encoding auxin biosynthetic enzymes (YUCCA5 and TAA1), three genes encoding auxin influx transporters (LAX1, LAX2, and LAX3), one gene encoding a PIN family auxin efflux transporter (PIN4), nine genes encoding NPH-like BTP POZ domain proteins (At1g52770, At1g50280, At3g08570, At3g19850, At3g15570, ENP1/NPY1, NPY3, NPY5, and At5g47800), two genes encoding indole-3-acetic acid (IAA) family auxin signal transducers (IAA11 and IAA18), and one gene encoding an ARF family transcriptional regulator (ARF3) (Table 2, Figure 7 ; Supplemental Figures 5 to 8).
Most striking was the extensive regulation of members of the NPH3-like family of genes (Table 2; Supplemental Figure 6 ). Nine of 18 NPH3-like genes assayed showed evidence of differential regulation by REV relative to KAN in the microarray and RNA-seq experiments. The regulated NPH3 genes are distributed in small clusters throughout branches of the phylogenetic tree ( Figure 7 , Table 2 ). They are either upregulated by GR-REV or downregulated by KAN1-GR, with the exception of At3g08570, which is upregulated by KAN1-GR (Supplemental Figure 6) .
Of particular interest are the NPY1/MAB4/ENP1, NPY2/MEL4, NPY3/MEL2, NPY4/MEL3, and NPY 5/MEL1 genes. Mutations in genes within this clade disrupt cotyledon formation (Furutani et al., 2007 (Furutani et al., , 2011 Cheng et al., 2008) . Moreover, this subclade of NPH3-like proteins, together with type 3 AGC protein kinases, has been implicated in the control of polar localization of auxin efflux carriers within the cell (Dhonukshe et al., 2010, Furutani , 2011) , suggesting that these genes promote cotyledon formation by determining which face of the cell PIN proteins are directed and, therefore, the direction of auxin transport. Three of the five NPY genes, NPY1, NPY3, and NPY5, showed statistically significant responses to GR-REV versus KAN1-GR (Table 2, Figure 7 ). Probes for NPY2 and NPY4 were not present on the microarray. However, NPY2 and NPY4 expression could be assayed by RNA-seq (Supplemental Figure 6 ) and by quantitative RT-PCR (qRT-PCR; data not shown), and in neither case were transcript levels significantly changed in response to GR-REV or KAN1-GR. It is notable that the three genes that show regulation, NPY1, NPY3, and NPY5, all show higher levels of expression (normalized counts are in the mid hundreds), while those that do not are expressed at roughly 10-fold lower levels (normalized counts in the mid tens; Supplemental Figure 6) .
A third technique, qRT-PCR, on independent samples confirmed statistically significant upregulation of NPY1 by GR-REV in the presence and absence of CHX, indicating that NPY1 is likely a direct target of REV activation. NPY1 showed downregulation by KAN1-GR in the microarray experiment, but this was not repeated in either the RNA-SEQ or qRT-PCR experiments. NPY3 transcripts showed statistically significant downregulation in response to KAN1-GR in all three experiments: microarray, qRT-PCR, and RNA-seq (Table 2, Figure 7 ; Supplemental Figure  6 ), but NPY3 levels did not respond to KAN1-GR in the presence of CHX, indicating that KAN1-GR downregulation of NPY3 is likely an indirect effect. NPY5 transcript levels were decreased by KAN1-GR in both microarray and RNA-seq experiments but were unchanged in the qRT-PCR experiments (Table 2, Figure 7 ; Supplemental Figure 6 ). It is unclear whether this is due to variation between experiments or to the limited number of time points assayed in the qRT-PCR experiment. In summary, REV increases transcription, most likely by direct activation, of NPY1, while KAN decreases transcript levels, probably indirectly, of NPY3.
Among the genes encoding transcriptional regulators, IAA11 and IAA18 showed reproducible downregulation by KAN1-GR and ARF3/ETTIN showed reproducible upregulation by GR-REV. We also reexamined the expression of the Aux/IAA transcriptional regulator IAA2 by RT-PCR since this gene was identified ChIP was performed on 9-d-old transgenic Arabidopsis seedlings using antibodies specific for GR. Immunoprecipitated genomic DNA from mock (M) and DEX (D) treated KAN-GR and wild-type control seedlings (Supplemental Figure 4) was amplified with primers specific for the indicated promoters. Fold enrichment was calculated by normalizing PCR product intensities to a negative control, the RIBOSOMAL PROTEIN L4D (RPL4D) coding region, followed by calculating the ratio DEX IP/input to mock IP/input. The mean of at least two independent IP experiments (Supplemental Table 2 as a potential KAN target in the original microarray experiment based on a 4-h DEX treatment (Supplemental Data Set 1) and since this gene showed high statistical significance for KAN1-GR downregulation in the RNA-seq experiment. We found that IAA2 was dramatically repressed by DEX in the presence of CHX, suggesting that it is a direct target of KAN-GR (Supplemental Figure 3) . IAA2 was also positive in ChIP experiments ( Figure 4) . In order to determine if IAA2 is misregulated in kan1 mutants, we examined IAA2 expression by qRT-PCR and found that IAA2 was upregulated in kan1 and further upregulated in kan1 kan2 mutant seedlings (Supplemental Figure 8) . Similarly, we followed up on the WAG1 and WAG2 genes with qRT-PCR since the microarray and RNA-seq experiments yielded different results (Table 2 ; Supplemental Figures 9 and 10 ). qRT-PCR on an independent set of samples showed upregulation of WAG1 by GR-REV both in the presence and absence of CHX and downregulation of WAG2 by KAN1-GR but only in the absence of CHX. These experiments are consistent with REV acting as a direct regulator of WAG1 and KAN1 acting as an indirect regulator of WAG2. However, the very different patterns of WAG1 and WAG2 expression in the microarray and RNA-seq experiments (Supplemental Table 2 and Supplemental Figure  10 ) urge caution in drawing conclusions from these results.
DISCUSSION KAN as a Repressor of Gene Function
Like other members of the GARP family of transcription factors, KAN proteins contain a single MYB-like DNA binding domain. KAN proteins have been placed into GARP subgroup 1 together with the cytokinin response ARR proteins and the mesophyll cell differentiation factor G2 based on their lack of a coiled coil domain (Hosoda et al., 2002) . The lack of a coiled coil domain and the identification of the nonpalindromic binding site AGATT led Hosoda et al. (2002) to hypothesize that ARR10 binds to DNA as a monomer. This is in contrast with GARP subgroup 2 proteins, which contain a coiled coil domain and, in the case of PHR1, bind to a palindromic sequence (Rubio et al., 2001) . Consistent with this, the KAN1 binding site we identified is short (6 bp) and nonpalindromic.
While both KAN1 and ARR proteins bind DNA as a monomer, in our experiments, KAN1 did not show affinity for the ARR binding site (AGATT) in vitro and instead bound to the sequence GNATA. Of the eight amino acids in the ARR recognition helix, only three are conserved in KAN1. Interestingly, the KAN1 binding site is identical to the half site of the palindromic sequence bound by the PHR protein involved in phosphate starvation (GNATATNC; Rubio et al., 2001) . Comparison of the PHR and KAN1 binding sites reveals that both PHR and KAN1 have Lys-228 in common where ARR10 has Ala-228. In ARR10, Ala-228 contacts the first AT base pair in the AGATT binding site, making this residue a good candidate for altering specificity to a GC base pair at that position (GNATA).
The sequence we identified through in vitro studies is identical to the KAN1 binding site upstream of the AS2 locus (Wu et al., 2008) . This binding site was identified via a dominant mutation, as2-5d, which causes ectopic expression of AS2 due to failure of KAN binding. The higher frequency of this binding site upstream of KAN1-regulated transcripts than the genome average provides additional support for the importance of this sequence.
The studies on the KAN1 binding site upstream of AS2 showed it was required for KAN1 repression. In this study, we found that the KAN1 binding site, when present in the context of a GAL4 driven reporter expressed in the SAM, is sufficient to confer 
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The Plant Cell reporter downregulation in the abaxial tissues expressing KAN1. However, because KAN1 does not bind to all KAN1 binding sites as determined by ChIP and the functional KAN1 binding controlling AS2 expression is just upstream of and adjacent to a second KAN1 binding site that appears to lack function (Wu et al., 2008) , the context of KAN1 binding sites is important in determining whether they are functional.
All evidence to date points to KAN1 proteins as negative regulators of transcription; so far, all genes that behave like direct targets are downregulated in response to KAN1. KAN1 protein has recently been shown to interact with the TOPLESS corepressor (Causier et al., 2012) . Thus, KAN1 may cause repression by interacting with TOPLESS, thereby recruiting chromatin repressive enzymes. The nature of these repressive enzymes is 
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Patterning of Auxin Response by KAN and the Oppositely Acting HD-ZIPIII Transcription Factors
One of our findings is that REV and KAN1 regulate genes that control auxin action at several steps: biosynthesis, transport, regulation of transport, and signal transduction. These experiments suggest the mechanism of REV and KAN1 action on auxin-mediated developmental events is through additive effects on several genes ( Figure 8B ) rather than on a single downstream target gene. Consistent with this, analysis of combinations of mutants in the auxin biosynthetic genes, NPY, and type 3 AGC kinase mutants show that decreased levels of each gene type can act additively to affect cotyledon formation (Cheng et al., 2007b (Cheng et al., , 2008 Furutani et al., 2007) . Mutations in the HD-ZIPIII genes and in the KAN genes cause either failure to form organs (loss of HD-ZIPIII function; Emery et al., 2003; Prigge et al., 2005) , the formation of extra or ectopic organs (gain of function HD-ZIPIII; this work), or loss of KAN function (Izhaki and Bowman, 2007) . Similarly, mutations in the auxin pathway cause loss of cotyledon formation (Cheng et al., 2007a (Cheng et al., , 2007b (Cheng et al., , 2008 Furutani et al., 2007) or development of extra cotyledons (Christensen et al., 2000) . To date, it has been unclear how these two regulatory pathways interact with one another in the control of organ positioning and outgrowth. Our results suggest that the ad/abaxial pathway plays a major role in patterning auxin transport and response in the Arabidopsis embryo.
The ad/abaxial patterning network and the auxin transport and signaling network both play a role in organ (leaf) formation in vegetatively growing plants as well as in embryos. Because the embryo is simpler in its structure and mutations in either system cause defects in cotyledon formation, we focus here on the role of HD-ZIPIII and KAN patterning auxin transport and responsiveness in the embryo. We assume that similar connections between the ad/abaxial signaling system and the auxin system hold for vegetative SAMs as well.
The pattern of auxin transport becomes increasingly complex as the embryo adds new cells and cell types (reviewed in Möller and Weijers, 2009) . In two-cell-stage embryos, auxin is pumped upward into the apical cell from, or through, the basal cell. The direction of transport reverses in the globular embryo where it is transported downward from the embryo proper into the suspensor. By late globular stage, transport forms a circuit in the embryo, traveling down through the center of the embryo and back up along the outer cells (Figure 8 ). This difference in transport direction between cells in the inner and outer regions of the embryo is an early characteristic that differentiates adaxial (inner) and abaxial (outer) cells in the globular embryo.
As the apical portion of the globular embryo becomes partitioned into SAM and cotyledon domains, transport patterns shift again. New pathways transport auxin away from the incipient SAM (apically and centrally located) toward the sites of new cotyledon formation in epidermal cells (Figure 8 ). These new streams of outwardly directed auxin collide with the streams flowing upward through the basal, abaxial regions of the plant. At the collision point, a high local concentration of auxin, called an auxin maximum, forms. The auxin maxima occur at the positions where the cotyledons will form and are thought to drive their formation. Auxin is transported down and away from the auxin maxima at the developing cotyledon tips along what will become the primary vascular strand of the developing cotyledon (Figure 8) . Note that the auxin maximum and the developing vascular strand are located at, or very close to, the ad/abaxial boundary.
Auxin alters cellular transcription by binding to the TIR1 auxin receptor, causing it to target IAA proteins for degradation (Dharmasiri et al., 2005) . Destruction of IAA proteins leads to release of inhibition of ARF-type transcription factors. IAA family members differ in their affinity for auxin. Therefore, tissue-specific expression of particular IAA proteins may determine sensitivity to auxin (Calderón Villalobos et al., 2012) . IAA18 and BODENLOS/ IAA12 are good candidates for mediating the auxin signal required for cotyledon development since mutations that render these proteins auxin resistant cause inhibition of cotyledon formation (Hamann et al., 1999; Ploense et al., 2009) . IAA18 is expressed on the adaxial side of cotyledons. Repression of IAA18 by KAN1-GR may be responsible for this pattern of expression.
Auxin transport in the embryo occurs through PIN1, PIN3, PIN4, and PIN7 auxin efflux carriers . Loss-offunction mutations in the corresponding genes, when combined, cause defects in cotyledon growth. Promoters for these genes direct expression in different subdomains of the plant (Benková et al., 2003) . The factors that control PIN expression are largely unknown. The PLETHORA transcription factors were suggested to directly activate PIN1 transcription in the incipient leaf primordium and thereby control leaf primordium formation in the SAM (Prasad et al., 2011) . More recent work by Pinon et al. (2013) has cast doubt on these experiments and instead suggested that PLETHORA controls leaf placement through activation of auxin biosynthetic genes in the SAM.
In this study, we found that PIN4 is repressed by KAN1. PIN4 is expressed in the basal end of the embryo where it acts to direct auxin in a basal/rootward direction. Its expression is limited to cells in the basal, adaxial region of the embryo, consistent with a model in which KAN inhibits rootward auxin flow by repressing PIN4 in the outer cells of the embryo (Figure 8 ). Consistent with this, globular embryos (32 cells) are the first stage at which an auxin-related phenotype is apparent in kan1 kan2 kan4 triple mutants. In wild-type embryos, PIN1 protein levels are at increased levels in the 16 cells that make up the apical epidermis (Figures 5A and 5B in Izhaki and Bowman, 2007) . In kan1 kan2 kan4 triple mutants, PIN1 levels remain low throughout the embryo. Since PIN1 protein levels are an indicator of auxin levels (Heisler et al., 2005) , low PIN1 levels may be an indicator that auxin does not accumulate in the apical epidermis in kan1 kan2 kan4 triple mutants rather than a direct consequence of lack of KAN action. Decreased auxin and PIN1 levels can be explained if PIN4 is ectopically expressed in kan triple mutants and auxin is therefore inappropriately directed downward in these mutants.
The mechanism that determines which pole of the cell PIN transporters localize to, and therefore in which direction auxin is transported, involves members of the family of type 3 AGC3 kinases and their partners, the NPY (NPH3-like BTB-POZ domain) proteins. PIN proteins localize to the rootward end of the cell by default but, in the presence of NPY-AGC, switch to the shootward end of the cell (Friml et al., 2004) . This occurs in part through the phosphorylation of the PIN proteins by the PID kinases (Dhonukshe et al., 2010) . NPY proteins localize to the same pole as PIN proteins, where they may act as stable markers or perhaps determinants of cell polarity (Furutani et al., 2011) .
REV and KAN1 have opposing effects on NPY family genes. REV acts as an apparent direct activator of NPY1, while KAN1 acts as an indirect repressor of NPY3. The opposing effects of REV and KAN1 on NPY transcript levels are predicted to result in the targeting of PIN proteins to opposite sides of the cell in REVand KAN-expressing domains. This is indeed what is observed in the epidermis of the embryo where PIN proteins are localized away from the apex in the adaxial domain and toward the apex in the abaxial domain resulting in opposing streams of auxin colliding at the epidermal ad/abaxial boundary.
REV and KAN1 have opposing effects on TAA1 transcription (Brandt et al., 2012; this article) . TAA1 encodes an auxin biosynthetic enzyme, the expression of which is limited in its expression to an apical central domain of the embryo (Stepanova et al., 2008) , as expected if it is activated by REV and repressed by KAN. It is also limited to a central region of the SAM (supplemental data in Yadav et al., 2009) . Experiments using auxin transport inhibitors in embryos show that auxin accumulates in the adaxial domain when auxin transport is blocked (Benková et al., 2003) , consistent with auxin biosynthesis occurring within the adaxial domain and excluded from the abaxial domain.
In summary, the ad/abaxial regulatory HD-ZIPIII and KAN factors regulate genes at all steps that lead to the presence of auxin maxima at the site of cotyledon outgrowth. As such, and given the known phenotypic consequences for cotyledon formation of HD-ZIPIII and KAN mutations, these results suggest that the ad/abaxial pathway plays an important role in patterning auxin synthesis, transport, accumulation, and sensing in the embryo. However, additional experiments beyond the scope of this work will be needed to determine the relative importance of these steps in establishing new organ primordia in the embryo and at the SAM.
While this study was under revision, a related study of global KAN1 targets was published (Merelo et al., 2013) . Merelo et al. also found that KAN1 regulates a number of genes in the auxin pathway. Many genes are in common between the two studies, but there are also important differences. For instance, we have not observed regulation of either PIN1 (At1g73590) or PINOID (At2g34650), two genes known to play major roles in auxin transport, by KAN1-GR. Differences in results between the two studies may be due to differences in experimental design (e.g., number of replicates, choice of controls, and time points), normalization, and/ or statistical analysis.
METHODS
Plant Materials and Growth Conditions
All plants used in this study were in the Col background and were grown at 22°C under long-day (16 h) illumination. The kan2-5 and kan2-6 alleles were identified in an ethyl methanesulfonate-mutagenized population homozygous for kan1-11. DNA sequencing of PCR products from genomic DNA of the mutant plants revealed that kan2-5 carries the same nucleotide lesion as kan2-1 , resulting in a stop codon in the first exon, and the kan2-6 allele carries a G-to-A change in the 59 splice site of the second intron.
Transgenic Plants and Enhancer Trap Lines
In order to make the synthetic UAS constructs, the UAS promoter (63UAS) from pUAS:mGFP5-er (a gift from Jim Haseloff) was amplified using primers UASf and UASr, digested with AvrII, and cloned into binary vector pCAMBIA1381Z (Cambia) to generate pUAS1381Z as the vector for inserting KBX and mKBX repeats. KBX and mKBX repeats were synthesized by first annealing the complementary single-stranded oligos for KBX and mKBX (Supplemental Table 3 ), then treating the synthesized double-stranded DNA with restriction enzymes SpeI and AvrII, followed by ligation of the digested fragments. The resulting concatemers were separated on an agarose gel. The DNA bands with the size of 7 to 14 repeats were individually collected. DNA from these bands was purified using the gel purification protocol (Qiagen) and cloned into pBluescript II SK+/2. Concatemers containing the tandem repeats were selected by digestion with SpeI and AvrII because only repeats in the same orientation are resistant to both SpeI and AvrII. The candidates picked up from this screening were further confirmed by sequencing. The two concatemers finally chosen contain seven repeats of KBX and eight repeats of mKBX. These two concatemers were released from pBluescript by SpeI and XbaI and cloned into pUAS1381Z described above. Both KBX and mKBX repeats were inserted between the UAS elements and the minimal transcriptional start site of pUAS1381Z. The resulting constructs UAS-KBX:GUS and UAS-mKBX:GUS, as well as the empty vector (termed UAS:GUS), were transformed into Col plants using the floral dip method. T1 transformants were selected using hygromycin B and crossed directly to E100, a GAL4-GFP enhancer trap line obtained from the Haseloff and Poethig collections (http://www.arabidopsis.org). The GAL4-GFP enhancer trap lines contain a construct comprising a GAL4-VP16 transcriptional activator and a modified GFP gene (mGFP5ER) under the control of GAL4 upstream activation sequences (UAS). The construct is randomly located in the genome and reports the activity of endogenous enhancer elements in the vicinity of reporter gene insertion (Haseloff, 1999; Laplaze et al., 2005; Gardner et al., 2009 ). The GAL4-GFP enhancer trap in E100 was reportedly inserted upstream of and in the same orientation as At3g09630, the 60S ribosomal protein L4/L1 (RPL4A). Analysis of the flanking sequence revealed that the T-DNA left border is inserted in the 59 untranslated region of RPL4A, three bases upstream of the translational start site (ATG). E100 was reported to have strong constitutive GFP expression, particularly in embryos, meristems, and young leaf primordia. The F1 seedlings from the crosses between E100 and UAS-KBX:GUS (or UAS-mKBX:GUS) were analyzed for GUS expression. As a control line, pKAN1:GUS transgenic plants were generated as described by Wu et al. (2008) In the microarray, RT-PCR, and ChIP experiments, the KAN-GR construct (Wu et al., 2008) was transformed into Col plants with the same floral dip method as described above, and transformants were also selected on hygromycin B media. A line homozygous for the KAN-GR T-DNA that was phenotypically normal in the absence of DEX and showed a strong and consistent response on DEX-containing media was selected for all subsequent experiments. For continuous DEX treatments, seeds homozygous for KAN-GR were germinated on media containing half-strength Murashige and Skoog (MS) salts and 0.8% agar supplemented either with 10 mM DEX or 0.05% ethanol for mock treatment. For intermittent treatment, soil-grown seedlings were painted every second day either with 10 mM DEX or mock (0.05% ethanol) plus 0.015% Silwet L-77. For RNA and chromatin isolation on KAN1-GR lines, 9-d-old seedlings were grown on half-strength MS basal medium without Suc before being submerged for 4 h with gentle agitation in liquid half-strength MS plus 1% Suc containing one or more of the following: 0.05% ethanol (mock), 10 mM DEX, and 10 mM CHX. The exception to this were the CHX and DEX treatments of GR-REV and KAN1 lines in which NPY and AGC3 kinase transcripts were measured. These experiments were done on seedlings grown in liquid culture as described by Reinhart et al. (2013) .
Plasmid Construction for KAN1bd Purification
The putative DNA binding domain of KAN1 was amplified from the cDNA clone (Kerstetter et al., 2001 ) using the following primers and cycling conditions: 59-ATTCggatCcAAGATGCCGACAAAGCGAAGC-39 and 59-AAGCgaattcCTTGTTAGTGGTCTTAACAGTTCG-39 (lowercase letters represent mismatched bases), 94°C for 20 s, 54°C for 20 s, and 72°C for 15 s for 34 cycles. Amplified DNA and the vector pGEX-2TK (Amersham Biosciences) were digested with BamHI and EcoRI and recombined such that the amino acids 210 to 280 of KAN1 were fused in frame with GST to form pGEX-KAN1bd.
Purification of KAN1bd Protein
Escherichia coli BL21 (DE3) cells carrying pGEX-KAN1bd were grown at 37°C in Luria-Bertani medium to OD 600 between 0.6 and 0.8, harvested 2.5 h after protein expression, and induced with 0.1 mM isopropyl b-D-1-thiogalactopyranoside. Cell pellets were resuspended and lysed by sonication in 13 PBS at 4°C then centrifuged at 12,000g for 30 min to pellet debris. Soluble recombinant protein was purified using MicroSpin GST Purification Modules (Amersham Biosciences) according to the manufacturer's instructions. Purified KAN1bd protein was subsequently dialyzed against 20 mM Tris-HCl, pH 8.0, and 80 mM KCl to remove reduced glutathione. Proteins were prepared for EMSA by treating with 0.07 units/mL DNase I (Fermentas) on ice for 1 h to remove contaminating E. coli DNA, and DNase I was inactivated with 2 mM EDTA.
EMSA
Complementary 54-bp oligonucleotides (Supplemental Table 3 ) containing a KBX or its variants were synthesized (IDT) and annealed, and 2 pmol of DNA was incubated with 10 pmol of purified protein for 1 h at 4°C. DNAprotein complexes were resolved on a 9% native polyacrylamide gels in Tris-borate-EDTA buffer at 4°C and stained with SYBR Safe (Invitrogen). The fluorescence intensity of each DNA fragment was measured using Kodak Molecular Imaging Software 4.0 (Eastman Kodak). Bands were normalized using Gaussian curve with background subtraction. Mean fluorescence intensities and standard errors were calculated from at least three independent EMSA experiments.
Histology
GUS staining was performed according to Donnelly et al. (1999) with modifications. Five-day-old plants were fixed in 80% acetone at 220°C for 20 min and then stained with 2 mM X-Gluc in 13 GUS buffer (9 mM potassium ferrocyanide and potassium ferricyanide) overnight in 30°C. After removing the chlorophyll with ethanol series, the first two leaves were dissected from the shoot and observed under a compound microscope.
Microarray Analysis
After DEX or mock treatments, seedlings were frozen in liquid nitrogen. Total RNA was extracted from tissue ground with mortar and pestle using TRIzol reagent (Invitrogen) followed by subsequent purification using the RNeasy plant mini kit (Qiagen). For each genotype and treatment, two independently obtained RNA extracts from plants grown and treated at different times (biological replicates) were labeled and hybridized to ATH1 microarrays at the Transcriptional Profiling Shared Resource of the Cancer Institute of New Jersey (New Brunswick, NJ) with Affymetrix reagents and protocols. Analysis was performed using the Affymetrix Microarray Suite v5 with a median target intensity of 150. Only significant (P < 0.005) n-fold changes of at least 1.8 in DEX-versus mock-treated KAN-GR samples are reported in Supplemental Data Set 1, although smaller changes were sometimes significant.
RNA-Seq Analysis
Fifty seeds per flask were grown in 250 mL of sterile MS medium plus Suc on a platform shaker in 24 h of cool white fluorescent light. At 7 d after germination, DEX was added to each flask to a final concentration of 50 mM. Plants were harvested at 0, 30, 60, and 120 min after DEX treatment. Six biological replicates were done for each wild-type time point, and three biological replicates were done for each transgenic time point except for GR-REV at 30 min where two biological replicates were done. Libraries were made and samples run by Otogenetics using Illumina chemistry. Sequenced reads were mapped back to the Arabidopsis thaliana genome using DNA Nexus Classic software. The resulting counts were normalized using DESEQ (Bioconductor). Two-way ANOVA tests were done on selected genes using VassarStats online calculator (http:// vassarstats.net/anova2u.html).
ChIP Analysis
Nine-day-old DEX-or mock-treated KAN-GR and wild-type seedlings were harvested, washed with deionized water, and cross-linked with 1% formaldehyde. Cross-linking was quenched with 0.125 M Gly. Procedures for nuclear extracts and immunoprecipitation were adapted (Gendrel et al., 2002) with following modifications: Conditions for sonication of nuclear extracts were empirically determined to obtain an average DNA fragment size of 600 bp. Sonication was performed on ice with four pulses of 12 s with 1-min pauses at power setting 6 (40% duty cycle and 20% input; Heat System-Ultrasonics). After chromatin shearing, 10 mL of anti-GR P-20 (Santa Cruz Biotechnology) was added to each sample to immunoprecipitate KAN-GR proteins. After reversing cross-links, DNA was purified by phenol:chloroform extraction, ethanol precipitated, and resuspended in 50 mL of 10 mM Tris and 1 mM EDTA, pH 8. One microliter of immunoprecipitated DNA was used in ChIP PCR. Input DNA was diluted 120 times to achieve PCR product band intensities comparable to ChIP samples. Primers recognizing different regions in the promoters and the control gene RPL4D can be found in Supplemental Table 3 . PCR conditions were as follows: 33 cycles, 94°C for 30 s, 56°C for 30 s, and 72°C for 30 s. DNA band intensity was measured using the Gaussian Curve method with background subtraction with Molecular Imaging Software 4.0 (Eastman Kodak). The abundance ratio of promoter fragments in DEXversus mock-treated ChIP and input samples were normalized by dividing by the ratio of the negative-control gene RPL4D in DEX-or mock-treated samples. The enrichment of each gene in DEX-versus mock-treated samples results from dividing normalized DEX-to mock-treated ChIP ratios by the DEX-to mock-treated input ratios.
PCR-Assisted in Vitro DNA Binding Site Selection
KAN1bd DNA binding site selection was performed essentially as described (Hosoda et al., 2002) . A mixture of 54-base oligonucleotides was synthesized (IDT) with the central 16 bases consisting of random sequences. Oligonucleotides were converted into double-stranded DNA using Klenow fragment (Fermentas) and primer BSSr (Supplemental Table 3 ). Double-stranded DNA (2 nmol) was incubated with 20 pmol of purified protein in dialysis buffer for 1 h at 4°C. Sample buffer (2% SDS, 10% glycerol, 60 mM Tris, 5% b-mercaptoethanol, and 0.01% bromophenol blue, pH 6.8) was added, and the protein/DNA mixture was separated on two identical 9% native polyacrylamide gels in 0.53 Tris-borate-EDTA buffer at 4°C for 120 V hours. One gel was stained with SYBR Safe (Invitrogen) to visualize DNA in the DNA-protein complex, and the other gel was stained with E-Zinc reversible stain kit (Pierce) to visualize protein in the complex. A single band that was retarded relative to free DNA or free protein was excised from the gel, and DNA was purified by phenol: chloroform extraction and then amplified using primers BSSf and BSSr (Supplemental Table 3 ). PCR products were precipitated and used in subsequent rounds of oligonucleotide selection. SYBR Safe and E-Zinc visualized EMSA selections were performed independently. After six cycles of selection, the resulting DNAs were cloned into pGEM-T Easy (Promega) and sequenced. Sequence comparison and motif identification were performed using Web implementations of MEME (Bailey et al., 2006) 14 of 17
The Plant Cell (http://meme.nbcr.net/meme/intro.html) and the Gibbs Motif Sampler (Thompson et al., 2003) (http://bayesweb.wadsworth.org/gibbs/gibbs. html).
RT-PCR
Two micrograms of total RNA was treated with DNaseI (Fermentas) and then reverse transcribed into first-strand cDNA using iScript (Bio-Rad) in 20-mL reactions. One microliter of a 10-fold dilution was used as template for PCR. The number of cycles for each primer set was determined empirically. PCRs were repeated at least thrice with independent cDNA synthesis reactions. Quantitative PCR was performed on a Rotor-Gene 3000 (Corbett Life Science) with IQ SYBR Green Supermix (Bio-Rad).
Accession Numbers
Sequence data from this article can be found in the Arabidopsis Genome Initiative or GenBank/EMBL databases under the following accession numbers: REV, At5g60690; KAN1, At5g16560; INCURVATA4, At1g52150; PHABULOSA, At2g34710; PHAVOLUTA, At1g30490; AS2, At1g65620; and ACTIN2, At3g18780.
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